Materials and methods

Optical tracking system
We used POLARISTM (Northern Digital Inc., Ontario, Canada) as the active optical tracking system.
With this system one can determine the real time six degrees of freedom of tool by measuring the 3D positions of active markers. The POLARIS consists of light-emitting diodes (LED) markers, a position sensor, a tool interface unit and a personal computer (DynaBook 2710, Toshiba Co., Tokyo, Japan) ( Fig.   1 ). The LED markers were mounted to the RFA electrode grip (Model 30, RITA Medical System, Mountain View, CA, USA) (Fig. 2) . 
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Software
To visualize the tracking data from the system The Visualization Toolkit Version 3.2 (Kitware Inc., Clifton Park, NY) was used. Statistical analysis was performed using StatView statistical software (version 5.0, SAS Institute Inc., Cary, NC).
Primary error evaluation
An acrylic cubic case with a target at its center was used as the phantom of this experiment (Fig. 3) .
The RFA electrode was inserted directly to the real target. The distances on the PC display from the tip of the electrode to the theoretical target were measured. Fig. 3 . Photograph of the acrylic cubic phantom of 100
x 100 x 100 mm. The top of the column is the center of this phantom. display of the electrode on the PC was not prompt. However, this is only up to the PC speed, and it can be improved by using a more rapid PC. The second was that the electrode was not settled firmly during the insertion. Agar-agar was very soft and the electrode was not fixed. In clinical practice this problem can be easily solved.
Discussion
Imaging techniques such as computed tomography (CT) and magnetic resonance image (MRI) can provide 3D virtual reality images of the tumors8,9). Recent advances of computers and optical devices have allowed the development of image-guided surgery, especially in the field of neurosurgery10) and sinus surgery11,12). Neurosurgery and sinus surgery require minimum invasive techniques. The indication of an optimal access route to the precise location of a tumor that is not visible from the surface is very important to remove it without injuries of healthy tissues. 3D images of a liver tumor are very useful for pre-operative planning. However, intraoperative 3D image guidance is not widely employed in liver surgery because of the use of intraoperative US13). The location of a tumor and its relationship with vessels can be observed more clearly with intraoperative US than with extracorporeal US. Sometimes one cannot detect the part or the whole tumor using extracorporeal US. Besides, in the case of RFA , after the first ablation, glittering microbubbles on the US image obstruct the clear observation of the tumor. A computer-guided navigation system provides clear information for RFA electrode insertion in spite of the presence of microbubbles.
In this study we investigated the accuracy of this system as a preliminary test for clinical application.
The primary error between the real and the theoretical target was 2.88 mm. Bending of the electrode was assumed to be the cause of this error, because the electrode was too flexible and bent easily. If it bent, the distance from LED markers to the tip would be shortened. In fact, the Polaris system itself has been reported to jitter only 0.053 mm14). Use of a stiffer electrode will reduce this error. Insertion errors were 5.78 mm and 8.01 mm. These errors seemed to be critical depending on the size of the tumor . Improvement of the system, especially regarding the computer, and more technical experience are required for a more accurate insertion.
We used an acrylic cubic phantom to simplify the transfer of the image data and its position in navigation system to the PC. The registration of patient's abdominal position is an important issue.
Some markers have to be put on the patient's skin prior to preoperative CT or MRI scan. Besides, an accurate respiratory control is required.
Conclusions
We have investigated the possibility of using a computer-guided navigation system for RFA electrode insertion. Some hardware improvements and more technical experience are needed before its clinical use. We believe a computer-guided navigation system will be of great help for an accurate electrode insertion in the case of patients with an unresectable liver tumor to be subjected to RFA.
